Introduction
Earlier work in this laboratory has shown that the melanoma cell line MM96 is very resistant to ultraviolet radiation when survival is measured by formation of colonies in agar drops, having a Do of about 40 J m -2 (Lavin et al. 1975; Chalmers et al. 1976 ). At about 10 J m-2 , a dose at which the frequency of pyrimidine dimers is 1 per 3 X 10 6 D of DNA, DNA replication continued, producing within 6 h pieces of DNA with a molecular weight of30x 10 6 (Chalmers et al. 1976; Lavin et al. 1977) .
During this time only 15 % of the dimers had been removed which suggests that the melanoma system is able to replicate past dimers. Similar conclusions have been reached in other systems (Lehmann 1972; Painter 1974; Hewitt and Meyn 1975; Meyn et al. 1976) . The DNA-synthesizing systems of the melanoma were, therefore, examined for properties which might allow such a bypass. This paper reports on the occurrence of an end-addition enzyme activity in cultured, human melanoma cells.
Materials and Methods
The cell-line MM96 was derived from a secondary human melanoma taken from a pigmented lymph node (Whitehead and Little 1973) . HeLa cells, sub-clone QB1, were derived in this laboratory by P. Chen. Tissue culture media were obtained from Grand Island Biological Co. and foetal calf serum was obtained locally.
[3H]TTP, [3H]dGTP and [3H]dATP were purchased from the Radiochemical Centre, Amersham. All cells were grown in monolayer culture in plastic Petri dishes (Camelec) in medium supplemented with penicillin (100 i.u. ml-1 ) and streptomycin (100 flg ml-1 ). Melanoma cells were grown in Gibco H-18 medium with 20% foetal calf serum and HeLa cells in Gibco F-15 with 10% foetal calf serum in an atmosphere of 5 % CO2 at 37°C.
At harvesting, cells were washed repeatedly in Hank's balanced salts solution before being stored at -20°C in 0·05 M tris buffer, pH 8·0, containing 0·001 M EDTA and 0·001 M mercaptoethanol (TEM buffer).
Enzymes were extracted and separated at 4°C by the method of McCaffrey et al. (1973) except that cells were lysed by sonication with an MSE ultrasonic power unit at a current of 1 ·5 A. The TEM buffer was brought to 0·5% (v/v) Triton X-100 and allowed to stand for 15 min. The cell debris was removed by centrifugation at 100 000 g for 60 min. The pH of the supernatant was lowered to 5·0 by dropwise addition of 1 M acetic acid, and after standing for 15 min the precipitate was removed by centrifugation at 15000 g for 10 min. The pH 5·0 precipitate was resuspended in TEM buffer containing 20% glycerol and 1 mg ml-i bovine serum albumin (TEMGB buffer) and applied to a column of phosphocellulose equilibrated with the same buffer.
Phosphocellulose was prepared by the method of Burgess (1969) and equilibrated at 4°C with TEMGB buffer, pH 7 ·9. Enzymes were eluted with a 60-mllinear gradient of 0---1 M KCI. Fractions of about 0·75 ml were collected and assayed for three enzyme activities.
All enzyme assays were carried out in 0·05 M tris, pH 8·4, containing 6 mM dithiothreitol in a total volume of 0 . 1 ml.
DNA polymerase was assayed using a template of DNAase-activated calf thymus DNA (Aposhian and Kornberg 1962) in the presence of all four deoxynuc1eotide triphosphates at a concentration of 10 pM each, [3H1TTP (148 kBq nmol-i ) and 6 mM magnesium acetate.
RNA-dependent DNA polymerase assays were carried out using two synthetic template primer combinations in 0·6 mM MnClz: (1) The profiles of enzyme activity in the phosphocellulose column eluate are shown in Fig. 1 . He La cells gave a single major peak of DNA polymerase activity in a position corresponding to DNA polymerase Ct. with a specific activity of 0·54 nkat per 10 8 cells. DNA polymerase f3 constituted a minor component not evident in these small scale preparations. Larger scale preparations revealed DNA polymerase f3 to be present as about 3 % of total polymerase activity. All of the enzyme peak shown in Fig. 1 was of high molecular weight, eluting in the void volume of Sephadex G 100.
In extracts from MM96 cells a second small peak was eluted from phosphocellulose, following the main peak. This peak, absent from HeLa cell extracts, showed activity upon the DNA-primed RNA templates and also upon [dA]12-18 primers alone.
This terminal transferase-like activity was dependent upon the presence of primer (Table 1) showing no incorporation in its absence. The dependence of the enzyme upon divalent metal ions and pH is shown in Fig. 2 . The preference of the enzyme for nucleoside triphosphates when using [dA] 12-18 as a primer is shown in Table 1 . The calf thymus enzyme showed a very high preference for dGTP under these assay conditions. The melanoma enzyme did not display so pronounced a preference but showed greatest activity with dATP. Mn concn (mM) pH
Discussion
We report here a terminal transferase-like activity found in human, cultured, melanoma cells. The activity is independent of any of the known polymerases and, as incorporation is completely primer dependent, the enzyme appears to have no nucleic acid associated with it. It is distinct from the enzyme found in calf thymus (EC 2.7.7.31), eluting from phosphocellulose at a different salt concentration and showing a different base preference. It shows a similarity to the enzyme reported by Penit et al. (1974) in murine plasmocytoma cells. It is of interest that terminal transferase activity has been reported to be associated with retrovirus virions (Bromley et al. 1976) , and the production of retrovirus by MM96 has been reported (Parsons et al. 1974) .
A major reason for investigating this activity was the possibility that it might provide a means for the DNA replication system to bypass ultraviolet damage. However, this appears not to be the case. Examination of cells from cultures stored shortly after initiation of the MM96 culture has shown the activity to be absent, suggesting that the expression of this enzyme has arisen in vitro in this particular cell line. It is possible that the appearance of the enzyme may be a mutation to constitutivity of an activity originally inducible by radiation. We regard this hypothesis as unlikely because an examination of enzyme profiles from an early subline, which lacked the activity, 24 h after irradiation (20 J m-2 of 254-nm u.v. light), failed to detect any enzyme. The u.v. resistance of the early passage cells is similar to that of our particular subline and cannot, therefore, depend upon this activity.
